The vital staining properties of rose cultures (Rosa cv Paul's Scarlet) of increasing age were compared with their ability to be subcultured. At 4-day intervals beginning on day 14, after cell division and expansion had stopped, cells were stained separately with Evans blue, fluorescein diacetate, and phenosafranine. The degree to which parent cultures stained with each of these dyes was compared to the dry weight of their subcultures harvested after 9 and 21 days of growth.
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Staining with either Evans blue or fluorescein diacetate was demonstrated to be a good means of establishing when senescing cells died. However, the staining properties of aging cultures did not correlate well with their ability to be subcultured, because an increasing proportion of the living cells appeared to lose their ability to divide as senescence progressed.
In work with tissue cultures and isolated protoplasts, three vital stains-FDA2 (3, 12, 17), EB (13), and PS (14)-have been used extensively to ascertain the viability of cells and protoplasts. Several investigators have reported chemical or heat-kill experiments to establish that these stains distinguish living from nonliving cells (7, 9, 16) . A quantitative comparison of these stains on senescing tissue has not been reported, and only limited information is available relating the staining properties of cells with their potential to divide and grow (16).
The present investigation examined the usefulness of vital stains to follow cell senescence in plant tissue cultures. The staining properties of cells ofincreasing age were compared with the ability of the cells to be subcultured. An additional feature of the study was to determine if staining techniques, used previously with dispersed cell lines (13, 16), were also useful in studying the viability of clumped cells as present in rose cultures (5, 6, 10, 15).
MATERIALS AND METHODS
Suspension cultures of Paul's Scarlet rose were grown in 80 ml of MPR medium as described previously (11) . Starting on day 14, the normal transfer age when cell division has stopped (6) Cells removed from parent cultures were stained with FDA and PS in the manner described by Widholm (16). EB was used according to the procedure of Gaff and Okong'O-ogola (7) . FDA is absorbed by living cells (16), whereas EB and PS are excluded from living cells (7, 16 age. This was an acute problem with PS. At the older ages, accurate judgments of stained versus nonstained cells could not be made with the PS-treated cells, and as a result large SE were observed on days 34 and 38 (Fig. 1) . Thus, the staining discrepancies noted between PS and the other stains (Fig. 1) can be attributed to the difficulties we experienced with PS. For this reason, no further attention will be given in this paper to the PS results.
The staining properties of aging cultures did not correlate well with their ability to be subcultured. Parent cultures ranging from 14 to 22 d old stained approximately the same, but their subcultures grew at different rates during the first 9 d of subculture growth (Fig. 2) . In contrast to this, parent cultures ranging from 22 to 30 d old stained differently, but subcultures started from them experienced approximately equal amounts of dry weight increase after 9 d of growth.
After 21 d of growth, subcultures started from four parent cultures (14-, 18-, 22-, and 26-d-old culutres) had all grown to about the same extent. The staining of these cultures with FDA and EB was similar except for the 26-d-old culture whose relative staining was only half that of the other three cultures. Vital staining of the 30-d-old cultures indicated that a large proportion of the cells were dead, and the poor growth of subcultures started from them supported this contention. Staining of the 34-and 38-d-old parent cultures indicated that these cultures were essentially dead, and the inability to subculture these cultures confirmed this observation.
A major point of interest in this study was that parent cultures with similar staining properties did not possess equal potentials for subculturing. Thus, cells which appeared to be viable, by virtue of their staining properties with FDA or EB, were not necessarily capable of dividing. Furthermore, this population of living-butnondividing cells within a culture appeared to increase during senescence. Cells in this physiological condition have been observed in animal tissue cultures (2). Blomquist 
